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INTRODUCTION 


A.  PURPOSE 

This  work  is  essentially  an  annotated  bibliograhpy  which  outlines  for  the 
practicing  designer  the  current  state-of-the-art  of  small  craft  design  and 
engineering  in  terms  of  the  most  recent  of  the  useful  publications  in  each 
subject  area.  Its  purpose  is  principally  to  update  the  previous  "Guide 
to  Power  Boat  Design"  which  was  issued  in  1971.  However,  there  are  two 
differences  between  this  work  and  the  previous  one:  First,  the  previous 
guide  cited  only  about  100  references  because  it  was  a companion  document 
to  a rather  extensive  bibliography  of  over  1000  references.  This  guide  is 
intended  to  be  virtually  complete  in  itself,  citing  older  references  when- 
ever they  are  still  useful.  Therefore,  the  present  work  includes  about 
300  references.  These  are  cited  by  author's  last  name  and  title  only 
in  the  body  of  the  text.  Part  I of  this  report.  The  Bibliography,  Part  II 
of  this  report,  provides  a complete  listing,  including  document  source  and 
abstract,  when  available,  for  each  of  the  references  cited,  but  no  others. 
Second,  the  previous  guide  presented  some  cautionary  guidance  in  the  use  of 
model  data  and  of  oversimplified  prediction  methods  which  is  not  found  in 
the  references.  Consequently,  the  earlier  publications  may  still  be  use- 
ful. 

It  is  stressed  that  suggestions,  criticisms,  additions,  and  corrections  are 
welcomed.  These  comments,  and  copies  of  additional  entries  should  be  sub- 
mitted to:  NAVSECNORDIV  6661,  U.S.  Naval  Station,  Norfolk.  Va.  23511. 

B.  SCOPE 
Subject  Matter 


This  guide  attempts  to  cover  almost  the  entire  field  of  naval  architecture 
and  marine  engineering.  The  information  in  the  references  and  the  references' 
references  nearly  does  this.  There  are  a few  areas  which  are  not  explicitly 
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covered,  e.g.  reliability,  maintainability,  and  availability  (RMA)  and 
tests,  trials,  and  evaluation  (TT&E),  but  these  are  addressed  in  several 
of  the  general  works  cited.  The  headings  under  marine  engineering  are 
treated  in  less  depth  than  those  under  naval  architecture,  not  because 
they  are  less  significant  or  because  there  are  fewer  published  works, 
but  because  the  practicing  small  craft  designer  selects  an  engine,  as  one 
example,  from  a catalog.  He  does  not  design  it.  Whole  systems,  such  as 
refrigeration  or  air  conditioning,  are  bought  as  units.  Detailed  coverage 
of  the  design  of  these  machines  and  systems  is  therefore  beyond  the  scope 
of  this  work,  though  an  introduction  to  many  of  these  subjects  may  be 
found  in  some  of  the  general  works  cited.  However,  it  should  be  stressed 
that  a working  knowledge  of  the  system  concepts  is  necessary  in  making  a 
rational  selection  of  system  components  to  best  suit  the  requirements,  e.g. 
to  dec  "ther  the  cooling  (and  possibly  dehumidifying)  of  a compartment 
occu  ‘rsonnel  and  heat  producing  equipment  should  be  handled  by 

ven  -I,  refrigeration,  heat  pump,  etc.  This  knowledge  may  be  found  in 

some  of  the  general  works  cited  such  as  "Marine  Engineering"  by  Harrington. 
Nevertheless,  the  greatest  emphasis  is  on  the  design  of  the  form  and  struc- 
ture of  the  craft's  hull,  and  the  prediction  of  its  performance  (resistance, 
propulsion,  motions,  accelerations)  in  both  smooth  and  rough  water. 

Craft  Size  and  Type 

The  term  "small  craft"  is  used  frequently  throughout  the  text.  As  it  per- 
tains to  the  scope  of  this  guide,  its  meaning  is  not  very  specific  and  its 
limits  are  variable.  The  small  craft  designer  can  be  concerned  with  almost 
any  floating  structure.  In  general,  however,  the  amount  of  technology, 
especially  recently  developed  technology,  that  must  be  applied  increases 
with  increase  in  speed  of  the  craft.  Therefore,  emphasis  on  high  speed  (high 
performance)  craft  is  appropriate.  Regarding  size,  the  boundaries  are  very 
indefinite.  The  upper  limit  seems  to  be  determined  by  the  combination  of 
size  and  speed  that  still  falls  within  the  planing  or  semi-planing  reginre. 

A few  years  ago  it  was  thought  of  as  roughly  100  feet  in  length  and  100  tons 
in  displacement.  The  limit  is  now  well  in  excess  of  200  feet  and  1000  tons, 
and  the  referenced  works  are  being  used  in  the  design  of  such  craft.  The 
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term  "small  craft"  is  applied  to  them  only  in  contrast  to  the  term  "big 
ship"  which  implies,  generally,  displacement  hull  technology,  and  which  may 
be  applied,  in  contrast,  to  a 125-foot,  600  ton  coastwise  tanker  or  freighter. 
Much  of  the  referenced  material  is  applicable  to  displacement  vessels.  Hydro- 
foils, air  cushion  vehicles  and  sailboats  are  not  covered. 

C.  COMPUTER  PROGRAMS 

There  are  a number  of  computer  programs  available  for  use  in  small  craft  design. 
They  perform  the  following  calculations: 

Bare  Hull  and  Appendaged  Resistance  and  Trim  in  Smooth  Water 

Added  Resistance  in  Waves 

Propulsion  calculations  as  applied  to  inclined  shaft  propellers  includ- 
ing the  effects  of  induced  pressures  on  the  hull  as  well  as  lift  and 
drag  of  appendages 

ft 

Propeller  selection  from  standard  series 

Impact  pressures,  pressure  distributions,  loads  and  accelerations, 
by  theoretical  methods  and  by  means  of  experimental  model  data. 

Ship  motions 

Lines  fairing  and  lofting 
Developed  surfaces 

Curves  of  Form  (Displacement,  Centers  of  Buoyancy,  Metacentric  Radius, 
Moment  to  Trim,  etc.) 

Bonjean's  Curves 

Cross  Curves  of  Stability 


Damaged  Stability 
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In  addition  to  making  the  calculations,  the  output  can  be  plotted  by  machine. 
Sources  for  this  work  include  some  of  the  colleges  or  universities,  some  of 
the  towing  tanks,  and  certain  firms  or  individual  naval  architects  who  spe- 
cialize in  computer  applications. 

D.  USE  OF  THE  GUIDE 

The  guide  is  arranged  so  that  each  general  subject  category  includes  all  works 
covering  two  or  more  sub-categories  or  works  for  which  no  specific  sub-category 
is  provided.  Figure  1 shows  this  diagramatical ly . For  example,  in  looking 
for  pertinent  references  on  the  subject  of  cathodic  protection,  it  will  be 
noticed  in  scanning  the  listing  of  subject  categories  below  that  there  is  no 
category  for,  say,  corrosion  protection,  and  that  Section  IV. F,  Electrical  and 
Electronics,  does  not  mention  it.  Therefore,  the  next  place  to  look  is  in 
IV. A.  Marine  Engineering,  General.  Here  one  specific  reference  is  listed, 
namely,  "Impressed  Current  Cathodic  Protection  of  Aluminum  Hull  Craft",  by 
Miller  and  Hack.  Also  on  the  list  of  references  is  "Marine  Corrosion"  by 
LaQue,  which  should  (and,  in  fact,  does)  have  a section  on  cathodic  protection. 
Similarly,  "Marine  Engineering"  by  Harrington  is  a good  place  to  look. 

After  Section  IV. A.,  the  next  place  to  look  is  Section  II,  General  (which 
covers  both  naval  architecture  and  marine  engineering  as  well  as  other  sub- 
jects). None  of  these  references  appears  very  likely  to  have  anything  on  the 
subject,  although  books  like  "High  Speed  Small  Craft"  by  Du  Cane  and  "Naval 
Architecture  of  Planing  Hulls"  by  Lord  should  be  considered  possibilities. 
Finally,  the  references  cited  in  these  works  should  be  checked  if  greater  depth 
of  treatment  is  desired.  For  example,  LaQue  lists  20  references  on  various 
aspects  of  cathodic  protection. 

Table  I lists  the  subject  categories  used  in  Part  I of  the  Guide. 

The  Bibliography,  Part  II  of  this  guide,  lists  the  sources  of  documents  by 
abbreviation  in  most  cases.  A list  of  these  abbreviations  with  full  name  and 
address  and  of  other  sources  that  may  be  helpful  is  given  in  Table  II. 
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Example;  Information  on  "tunnels"  may  be  found,  not  only  under  the  heading  TUNNELS"  but  also  under  "PROPULSION,  GENERAL 
"HYDRODYNAMICS,  GENERAL",  "NAVAL  ARCHITECTURE,  GENERAL",  and  in  both  REGULATIONS  and  “GENERAL  TEXTS". 


TABLE  I. 

SUBJECT  CATEGORIES 


# 


I.  REGULATIONS 

II.  GENERAL  TEXTS 

III.  NAVAL  ARCHITECTURE 

A.  GENERAL 

B.  HYDROSTATICS  AND  WEIGHTS 

1.  HYDROSTATICS 

2.  WEIGHTS 

C.  HYDRODYNAMICS 

1.  GENERAL 

2.  RESISTANCE  AND  TRIM 

a.  General 

b.  Bare  Hull  Resistance 

c.  Appendage  Resistance 

d.  Wedges  and  Flaps 

e.  Porpoising 

f.  Spray  Strips  and  Spray  Formation 

g.  Shallow  Water  Effects 

3.  STEERING  AND  COURSEKEEPING 

a.  Genral 

b.  Control  Surface  Design 

4.  SEAKEEPING 

a.  General 

b.  Roll  Stabilization 

5.  IMPACT  PRESSURES  AND  LOADS 

} 
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TABLE  I (Continued) 


6.  PROPULSION 

a.  General 

b.  Cavitation,  Ventilation,  Partial  Submergence 

c.  Tunnels 

d.  Counter-Rotating  Propellers 

e.  Water jets 

0.  STRUCTURES 

1.  GENERAL  STRUCTURAL  DESIGN 

2.  STRUCTURAL  ENGINEERING 

3.  MATERIALS  COATINGS,  PROCESSES 
IV.  MARINE  ENGINEERING 

A.  GENERAL 

B.  PRIME  MOVERS 

1.  ENGINE  SELECTION  AND  RATING 

2.  ENGINE  INSTALLATION 

C.  POWER  TRANSMISSION 

1 . GEARING  AND  BELT  DRIVES 

2.  SHAFTING,  BEARINGS  AND  COUPLINGS 

3.  PROPELLERS 

D.  AUXILIARY  SYSTEMS 

E.  HEATING,  VENTILATION,  AIR  CONDITIONING 

F.  ELECTRICAL  AND  ELECTRONICS 
V.  HABITABILITY  AND  SAFETY 
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TABLE  II 

SOURCE  ABBREVIATIONS  AND  ADDRESSES 


NOTE:  Not  all  the  sources  listed  are  referenced  in  this  guide. 

CLASSIFICATION  SOCIETIES 


ABS  American  Bureau  of  Shipping 

45  Broad  Street,  New  York,  N.Y.  10004 

Lloyds  Lloyds  Register  of  Shipping 

17  Battery  Place,  New  York,  N.Y.  10004 

GOVERNMENT  AGENCIES 

EDUCATIONAL  INSTITUTIONS  AND  TOWING  TANKS 

Many  government  documents  which  are  available  for  public  distribution 
are  given  an  "AD  Number"  and  may  be  obtained  from: 


NTIS  National  Technical  Information  Service 

> 5285  Port  Royal  Road,  Springfield,  Va.  22161 

(Formerly  called  the  Clearinghouse  for  Federal 
Scientific  and  Technical  Information) 


The  Rules  and  Regulations  listed  in  Section  I as  available  from  the 
USCG  may  be  obtained  from 


USCG  United  States  Coast  Guard 
Merchant  Marine  Technical 
Washington,  D.  C.  20590 

or  from  the  Officer  in  Charge,  Marine  Inspection,  of  the  local  Coast 
Guard  District. 


* 

t 
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TABLE  Il(Contlnued) 


Marine  environmental  protection  as  It  affects  the  small  craft  designer  is 
handled  by  the  Coast  Guard  at  the  following  address: 

U.S.  Coast  Guard  ( ) 

Branch 

Washington,  0.  C.  20590 

The  code  number  In  the  parentheses  and  the  corresponding  branch  will 
depend  on  the  area  of  responsibility  as  follows: 

Overall  responsibility: 

Pollution  Prevention  and  Enforcement  Branch 
(G-WEP-3/73)  Phone  (202)  426-9578 

Certification  of  Devices: 

Survival  Systems  Branch 
(G-MMT-3/83)  Phone  (202)  426-1444 

Enforcement  (Small  Craft): 

Operator  Compliance  Branch 
(G-BLC-3/TP42)  Phone  (202)  426-4176 

Recreational  Boating  Safety  Research  and  Development  documents  are  also 
available  from  the  coast  Guard.  Most  are  available  through  NTIS.  The 
list  of  available  R&D  RBS  Reports  should  be  requested  from: 

U.S.  Coast  Guard  (G-DSA-2  RBS) 

Washington,  0.  C.  20590 

Much  of  the  theoretical  and  experimental  work  referenced  In  this  design 
guide  originated  In  the  following  establishments: 

NSRDC  David  Taylor  Naval  Ship  Research  and 

DTNSRDC  Development  Center 

DTMB  Bethesda,  Maryland  20084 

TMB,  EM5 

NACA  National  Aeronautics  and  Space  Administration 

NASA  400  Maryland  Avenue  S.W.,  Washington,  D.  C. 

20360 
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TABLE  I I{ Continued) 


UM  University  of  Michigan 

Department  of  Naval  Architecture  and  Marine 
Engineering 

445  West  Engineering  Building 
Ann  Arbor,  Michigan  48104 

SIT  Stevens  Institute  of  Technology 

DL  Davidson  Laboratory 

711  Hudson  Street,  Hoboken,  N.J.  07030 

MIT  Massachusetts  Institute  of  Technology 

Department  of  Naval  Architecture  and  Marine 
Engineering 
Cambridge,  Mass. 

NSMB  Netherlands  Ship  Model  Basin 

Haagsteeg  2,  Wageningen,  The  Netherlands 

NPL  National  Physical  Laboratory,  Ship  Division 

Teddington,  England 

AEW  Admiralty  Experiment  Works 

Haslar,  Gosport,  Hampshire,  England 
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TABLE  I I( Continued) 
PROFESSIONAL  SOCIETIES 


RINA 

INA 

IME 

NECI 

SNAME 

ASNE 

ASE 

SSCD 

SAE 

ASME 

AWS 


Royal  Institution  of  Naval  Architects 

10  Upper  Bel  grave  Street,  London,  S.W.  1,  "ngland 

Institute  of  Marine  Engineers 

85,  Minories,  London,  E.C.3.,  England 

North-East  Coast  Institution  of  Engineers  and 
Shipbuilders 

Bolbec  Hall,  Newcastle-upon-Tyne,  England 

Society  of  Naval  Architects  and  Marine  Engineers 

1 World  Trade  Center,  New  York,  N.Y.  10048 

American  Society  of  Naval  Engineers 

Suite  807,  Continental  Building 

1012  14th  Street,  N.W.,  Washington,  0.  C.  20005 

Association  of  Senior  Engineers  of  the  Naval 
Ship  Systems  Command 

Department  of  the  Navy,  Washington,  D.  C.  20360 

Society  of  Small  Craft  Designers 
c/o  Carl  J.  Schnepf,  Jr. 

2656  Manker  St.,  Indianapolis,  Indiana  46203 

Society  of  Automotive  Engineers 

2 Pennsylvania  Plaza,  New  York,  N.Y.  10001 

American  Society  of  Mechanical  Engineers 
345  East  47th  Street,  New  York,  N.Y.  1001/ 

American  Welding  Society 

345  East  47th  Street,  New  York,  N.Y.  10017 
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TABLE  II (Continued) 
INDUSTRY  ASSOCIATIONS 


ABYC 

BIA 

SPI 

NFPA 


American  Boat  and  Yacht  Council 

15  East  26th  Street,  New  York,  N.Y.  10010 

Boating  Industries  Association 

1425-401  North  Michigan  Avenue,  Chicago,  Illinois  60611 

The  Aluminum  Association 

Marine  Aluminum  Committee 

750  Third  Avenue,  New  York,  N.Y.  10017 

American  Plywood  Association 

1119  A Street,  Tacoma,  Washington,  98401 

Society  of  the  Plastics  Industry 
250  Park  Avenue,  New  York,  N.Y.  10017 

National  Fire  Protection  Association 
60  Batterymarch  Street,  Boston,  Mass.  02210 
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TABLE  II (Continued) 
PUBLICATIONS  AND  PUBLISHING  HOUSES 


International  Shipbuilding  Progress 

International  Periodical  Press 

194  Heenraadssingle,  Rotterdam,  Th^  Netherlands 

Shipbuilding  and  Shipping  Record 

33  Tothill  Street,  Westminster,  London  S.W.I.,  England 

International  Marine  Publishing  Co. 

21  Elm  Street,  Camden,  Maine  04843 

Cornell  Maritime  Press 
Cambridge,  Maryland  21613 

Motor  Boating  and  Sailing  Books 

224  West  57th  Street,  New  York,  N.Y.  10019 

Rudder 

1515  Broadway,  New  York,  N.Y.  10036 

Yachting  Publishing  Corporation 
50  West  44th  Street,  New  York, N.Y.  10036 

Yachts  and  Yachting 

Eden  Fisher  Ltd.,  Southend-on-Sea,  Essex,  England 


Note  that  many  foreign  publications  may  be  obtained  from  American 
publishers  such  as  International  Marine,  or  Cornell  Maritime  Press, 
and  from  many  large,  and  even  some  small,  bookstores.  There  are  also 
bookstores  which  specilize  in  marine  books. 
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I.  REGULATIONS 


The  codes,  standards  and  regulations  most  applicable  to  the  design  of 
small  craft  are: 

ABYC,  "Safety  Standards  for  Small  Craft" 

MIL-STD-1472B,  "Human  Engineering  Criteria  for  Military 
Systems,  Equipment  and  Facilities." 

USCG,  "Rules  and  Regulations  for  Small  Passenger  Vessels 
(Under  100  Gross  Tons),  Subchapter  T,"  C6-323 

USCG,  "Rules  and  Regulations  for  Passenger  Vessels, 
Subchapter  H",  C6-256 

USCG,  "Rules  and  Regulations  for  Uninspected  Vessels, 
Subchapter  C",  CG-258 

NFPA,  "Fire  Protection  Standards  for  Motor  Craft,  NFPA  302" 

Lloyds,  "Rules  'and  Regulations  for  the  Construction  and 
Classification  of  Wood  and  Composite  Yachts" 

Lloyds,  "Rules  for  the  Hull  Construction  of  Steel  Yachts" 

Lloyds,  "Provisional  Rules  for  the  Construction  of 
Reinforced  Plastic  Yachts" 

Useful  guidance  for  displacement  vessels  can  be  found  in: 

ABS,  "Rules  for  Building  and  Classing  Steel  Vessels" 

ABS.  "Rules  for  Building  and  Classing  Steel  Vessels 
for  Service  on  Rivers  and  Intracoastal  Waterways" 
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USCG,  "Load  Line  Regulations,  Subchapter  E,"  CG-176. 


The  classification  societies  will  consider  unusual  construction  or  new 
materials  on  a case  basis. 

Several  papers  have  been  written  commenting  on  the  rules  and  regulations 
Some  of  these  are: 

Lippman,  "Small  Craft  Standards" 

Holtyn,  "Status  of  Aluminum  Small  Boat  Standards  and 
Recommended  Practices" 


Brown . "What's  Happening  with  Marine  Environmental  Regulations 


II  GENERAL  TEXTS 


The  following  is  a list  of  general  design  and  engineering  texts  which  will 
be  found  useful  by  the  practicing  small  craft  designer.  It  also  includes 
works  which  cover  two  or  more  of  the  below  categories,  and  those  for  which 
there  is  not  a specific  category.  In  most  cases  they  are  simply  representa- 
tive works  of  a type  of  which  there  are  several  worl<s  available.  For  example, 
Marks'  Handbook  is  well  known  but  Kents'  is  also  widely  used. 

Baumeister,  ed.,  "Marks'  Mechanical  Engineer's  Handbook" 

Faires,  "Design  of  Machine  Elements" 

Simon,  "Engineer's  Manual  of  Statistical  Methods" 

Traung,  ed.,  "Fishing  Boats  of  the  World",  3 Volumes 

Du  Cane,  "High  Speed  Small  Craft" 

Du  Cane,  "Fast  Patrol  Boats" 

Boehe,  Rolf,  "Modern  Fast  Patrol  Boats" 

Lord,  "Naval  Architecture  of  Planing  Hulls" 

Meese,  "Some  Considerations  in  Power  Cruiser  Design" 

University  of  Michigan,  "Small  Craft  Engineering",  notes  used  in  the 
short  course  SMALL  CRAFT  ENGINEERING,  October,  1971,  have  been  reprint- 
ed and  are  available  in  three  volumes.  These  are: 

Report  120,  RESISTANCE,  PROPULSION,  and  SCAKEEPING 

• Fundamentals  of  Resistance  and  Propulsion 
by  Finn  C.  Michelson 
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• Performance  Prediction 

by  Joseph  G.  Koelbel,  Jr. 

• Small  Craft  Behavior  in  a Seaway 

by  Daniel  Savitsky 

• Practical  Application  of  Waterjet  Propulsion 

by  Howard  Apollonio 

Report  121,  SMALL  CRAFT  ENGINEERING  STRUCTURES 

• Structures 

by  Peter  A.  Silvia 

• Fiberglass  Reinforced  Plastic 

by  Robert  J.  Scott 

• Aluminum  Small  Boat  Design 

by  C.  Michalopoulos 

Report  122,  PROPULSION  BY  THE  INTERNAL  COMBUSTION  ENGINE 
by  John  B.  Woodward 

This  last  is  one  of  the  more  authoritative  and  comprehensive  summaries  of 
small  craft  engineering  technology  as  of  1971.  Sections  III.C.  and  III.D. 
provide  the  necessary  references  to  bring  it  up  to  date  (early  1977),  parti- 
cularly in  the  areas  of  resistance,  propulsion,  performance  prediction,  and 
structural  design. 
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III.  NAVAL  ARCHITECTURE 
A.  GENERAL 

The  preeminent  work  in  the  general  field  of  naval  architecture  is: 

Comstock,  "Principles  of  Naval  Architecture." 

An  excellent  work  that  covers  the  subject  with  application  to  smaller  vessels 
as  well  as  ships  is: 

Barnaby,  "Basic  Naval  Architecture." 

Works  directed  toward  small  craft  include: 

Phil  1 ips-Birt,  "Naval  Architecture  of  Small  Craft." 

Kinney,  "Skene's  Elements  of  Yacht  Design." 

A comprehensive  work,  covering  a broad  span  of  history  up  to  1968,  is: 

Fox,  "Seamanlike  Sense  in  Power  Craft." 

There  is  much  to  be  learned  from  this  collection  of  designs  many  of  which  are 
intended  for  high  speed  in  rough  water.  Additional  views  are  expressed  in: 

Silverleaf,  Cook,  "A  Comparison  of  Some  Features  of  High  Speed 
Marine  Craft." 

The  general  subject,  pertaining  to  advanced  concepts,  is  covered  in: 

Buck,  Kennel  1,  Fuller,  "Performance  Characteristics  of  High 
Performance  and  Advanced  Marine  (HIPAM)  Surface  Vehicles." 

Stevens,  Carson,  Krida,  "Technological  and  Operational  Constraints 
in  Advance  Marine  Vehicle  Design." 
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A more  particular  application  is  discussed  in: 
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Ravenscroft.  et.  al . . "Recommended  Vehicle  Concepts  for  Waterjet 
Propelled  High  Performance  Vehicles." 

A good  collection  of  papers  is  contained  in  Occasional  Publication  No.  1, 
the  Proceedings  of  the  Symposioum  on  "Performance  Prediction  of  Small 
Craft",  edited  by  A.  Millward.  Papers  included  are;  a)"Small  Patrol  Craft", 
by  A.  K.  Sharpies  and  b)  "Performance  Prediction  - Fast  Craft",  by  D. 
Bailey. 

The  questions  of  proper  design,  building,  and  other  margins  has  been  treated 
in: 


Gale,  "Margins  in  Naval  Surface  Ship  Design." 

Hockberger , "The  Impact  of  Ship  Design  Margins." 

Hockberqer,  "Ship  Design  Margins  - Issues  and  Impacts". 

Another  current  topic  is  designing  to  cost.  Some  information  on  this 
subject  may  be  found  in: 

Sejd,  "Marginal  Cost  - A Tool  in  Designing  to  Cost". 
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III.  NAVAL  ARCHITECTURE 
B.  HYDROSTATICS  & WEIGHTS 
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1.  HYDROSTATICS 


This  subject  is  covered  in  the  general  works  on  naval  architecture,  which 
give  the  theory  and  niethods  of  calculation.  The  following  works  cover  stan- 
dards of  stability,  that  is,  the  question  of  how  much  stability  is  required. 
While  each  work  pertains  to  a particular  type  of  vessel,  it  is  also  good 
guidance  for  other  types.  These  references  are: 

Sarchin  and  Goldberg,  "Stability  & Buoyancy  Criteria  for  U.S.  Navy 
Surface  Ships" 

The  discussions  of  this  paper  are  important,  and  relate  it  to  other  criteria, 
particularly  those  of  the  Coast  Guard.  This  paper  has  been  updated  to  in- 
clude new  developments  such  as  Surface  Effect  Ships,  Hydrofoils,  etc.,  by 

Goldberg  and  Tucker,  "Current  Status  of  U.S.  Navy  Stability  and 
Buoyancy  Criteria  for  Advanced  Marine  Vehicles" 

A brief  review  of  stability  theory  and  a detailed  calculation  procedure  for 
checking  a boat's  stability  against  the  criteria  of  the  above  two  papers  is 
presented  in: 

Koelbel , "Procedures  Manual  - Dynamic  Stability  Analysis  for  U.  S.  Navy 
Small  Craft". 


Vessels  carrying  passengers  for  hire,  and  other  vessels  under  the  cognizance 
of  the  Coast  Guard,  including  pleasure  craft,  are  covered  by  publications  of 
the  Merchant  Marine  Technical  Division,  and  the  Office  of  Boating  Safety.  These 
are  listed  in  Section  I,  Regulations,  and  Section  V,  Habitability  and  Safety. 
Additional  information  relating  to  the  safety  of  small  boats  may  be  found  in 


Kennedy,  "Static  and  Dynamic  Stability  of  a Small  Fourteen  Foot  Flat 
Bottom  Boat  as  it  Relates  to  Boating  Safety" 
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Sauthulis,  Bowman,  Chadwick,  "Level  Flotation  Standards  Analysis 
Research  and  Development  Report" 

Gray,  Blanton,  Granholm,  "Level  Flotation,  Research  to  Regulation" 
Heavily  loaded  vessels  are  treated  in 

Hind,  "Stability  and  Trim  of  Fishing  Vessels". 
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III.  NAVAL  ARCHITECTURE 
B.  HYDROSTATICS  & WEIGHTS 


2.  WEIGHTS 

This  subject  is  covered  in  the  general  works  on  naval  architecture,  including 
those  covering  the  subject  of  margins,  listed  in  Section  III. A.  "Naval  Archi- 
tecture, General".  Weight  control  is  of  particular  interest  in  high  perfor- 
mance craft.  The  history  of  a particular  high  performance  craft  program  is 
covered  in 

Pike,  "Weight  Control  on  a High  Performance  Craft" 

Section  III.  D.  "Structures"  should  also  be  checked  for  references  on  weight 
reduction. 
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III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 
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1 . GENERAL 

The  overall  subject  of  hydrodynamics  is  treated  in  the  general  vyorks  listed 
in  Section  II  "General".  The  treatment  is  especially  thorough  in 

Saunders,  "Hydrodynamics  in  Ship  Design" 

This  work,  although  published  almost  20  years  ago  (9  years  for  Volume  III), 
is  still  a valuable  basic  text  on  all  aspects  of  ship  hydrodynamics  and  con- 
tains an  exhaustive  list  of  references.  However,  the  user  should  keep  in  mind 
that  there  are  important  recent  developments,  particularly  in  the  following 
areas:  1)  high  speed,  as  it  affects  both  propellers  and  rudders,  2)  sea- 
keeping and  propulsion  predictions  for  planing  hulls,  3)  low  and  inter- 
mediate speed  resistance  prediction  for  transom  stern  hulls.  Current  works 
on  these  subjects  are  included  in  this  Guide.  Some  of  the  more  important 
ones  are: 

For  resistance  and  seakeeping  predictions  of  planing  and  semi-planing  craft: 

Savitsky,  Brown,  "Procedures  for  Hydrodynamic  Evaluation  of  Planing 
Hulls  in  Smooth  and  Rough  Water". 

For  resistance  and  propulsion  predictions,  including  cavitation  data  for  many 
propeller  types: 

Blount,  Fox,  "Small  Craft  Power  Prediction", 


and  its  companion  work  (which  replaces  Blount,  Carrinder) 

Blount,  Fox,  "Design  Considerations  for  Propellers  in  a Cavitating 
Environment" 
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These  three  works  (and  their  references)  summarise  the  state-of-the-art  in 
planing  craft  performance  prediction.  The  second  gives  a detailed  procedure 
and  worked  example.  These  calculations  have  been  computerized  by  a number  of 
naval  architects.  Many  of  the  reports  referenced  in  this  guide  would  have 
been  impossible  without  computer  capability.  One  example  of  a computer  pro- 
gram developed  to  make  performance  prediction  calculations  is 

Lutowski , "A  Computer  Program  for  Various  Aspects  of  Planing  Craft" 

Two  excellent  works  which  are  very  helpful  in  making  preliminary  estimates  of 
power,  the  first  of  which  gives  comparative  propulsive  data  on  many  full  scale 
planing  boats,  are: 

Angel i , "Evaluation  of  the  Quality  of  Planing  Boat  Designs" 

Bailey,  "Performance  Prediction  - Fast  Craft" 

There  are  many  model  test  reports  available  which  are  helpful  in  making  per- 
formance estimates  of  similar  craft.  Those  which  report  resistance  (and  power) 
only  are  listed  in  Section  C.2. 

Several  reports  covering  both  smooth  and  rough  water  operations  are  listed 
here: 


Chey,  "Model  Tests  of  a Series  of  Six  Patrol  Boats  in  Smooth  and 
Rough  Water" 

Fridsma,  "Model  Tests  of  a Round  Bottom  Patrol  Boat  in  Smooth  and 
Rough  Water" 

Lueders,  "Model  Tests  of  Two  Planing  Forms  and  a Rounded  Bottom 
Form  in  an  Irregular  Sea" 

Reports  covering  rough  water  only  are  listed  in  Section  III.C.4.  Additional 
information  on  high  speed  displacement  and  round  bottom  boats  may  be  found  in 
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Marwood,  Silverleaf,  "Design  Data  for  High  Speed  Displacement-Type 
Hulls  and  a Comparison  with  Hydrofoil  Craft". 

An  overall  view  of  transportation  efficiency  and  the  place  of  various  marine 
vehicles  in  the  spectrum  may  be  found  in 

Gabriel li.  Von  Korman,  "What  Price  Speed?  Specific  Power  Required 
for  Propulsion  of  Vehicles". 

Davidson.  "What  Price  Speed?  Long  Range  Trends  in  Overseas 
Transportation" . 

General  discussions  of  various  hull  design  features  as  they  affect  hydro- 
dynamic  performance  are  given  in 

Koelbel , "The  Detail  Design  of  Planing  Hull  Forms". 

Van  Mater,  Dornak,  "Hydrodynamic  Characteristics  of  Basic  Planing 
Hull  Types". 

A similar  work  concerned  principally  with  seakeeping  is 

McGown . "The  Seaworthiness  Problem  in  High-Speed  Small  Craft". 

A comprehensive  discussion  of  hydrodynamic  design  in  general  may  be  found 
in 


Koelbel , "Performance  Prediction". 

which  cites  many  useful  references,  providing  guidance  in  their  use,  and 
which  gives  much  practical  and  philosophical  help  in  the  selection  of  hull 
form,  proportions  and  details.  Those  areas  in  which  this  1971  work  has  been 
superseded  are  brought  up  to  date  by  Savitsky.  Brown,  and  Blount.  Fox  cited 
above. 
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III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


2 . RESISTANCE  AND  TRIM 

a.  General 

The  general  references  on  resistance  and  trim  are  those  which  cover  two  or 
more  of  the  detailed  subjects  in  the  following  sections,  and  those  which  are 
not  specifically  covered  in  any  of  the  following  sections. 

Hoerner,  "Fluid  Dynamic  Drag." 

is  an  exhaustive  compendium  of  resistance  data  on  many  body  shapes,  projections, 
appendages  and  surface  finishes. 

A good  source  of  model  resistance  data  on  a number  of  hulls  is  given  in: 

SNAME,  "Small  Craft  Data  Sheets." 

The  method  of  making  a full  scale  prediction  from  model  tests  is  described  in; 

Clement,  "How  to  Use  the  SNAME  Small  Craft  Data  Sheets  for  Design 
and  for  Resistance  Prediction." 

The  basic  references  for  resistance  and  trim  calculations  in  the  full  planing 
regime  are: 

Savitsky.  "Hydrodynamic  Design  of  Planing  Hulls." 

Shuford,  "A  Theoretical  and  Experimental  Study  of  Planing  Surfaces  Includ- 
ing Effects  of  Cross  Section  and  Plan  Form." 

The  former  is  covered  in  Savitsky  and  Brown  referenced  in  III.C.l.  The  latter 
is  used  as  the  basis  of  a practical  design  tool  in 
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Clement,  Pope,  "Stepless  and  Stepped  Planing  Hulls  - Graphs  for  Perfor- 
mance Prediction  and  Design." 

A method  for  optimizing  planing  surfaces  (hulls)  is  given  in: 

Hobbs,  "Hydrodynamic  Surface  Selection  for  Optimum  Performance  in  Planing 
Boat  Power  Selection," 

Data  on  resistance  in  the  pre-planing  regime  is  presented  in: 

Mercier,  Savitsky,  "Resistance  of  Transom-Stern  Craft  in  the  Pre-Planing 
Regime. " 

This  reference  has  been  incorporated  into  Savitsky,  Brown  referenced  in  III.C.l. 
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III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


2.  RESISTANCE  AND  TRIM 

b.  Bare  Hull  Resistance 

Aside  from  the  calculation  procedures,  the  principal  sources  of  bare  hull 
resistance  data  are  reports  of  model  tests.  These  always  pertain  to  specific 
craft  or  to  model  series  derived  from  a specific  hull  form.  For  hard  chine 
planing  hulls,  good  sources  are: 

Clement,  Blount,  "Resistance  Tests  of  a Systematic  Series  of  Planing 
Hull  Forms." 

Hubble,  "Correlation  of  Resistance  Test  Results  from  Fixed-  and  Free- 
to-Trim  Methods  for  a Dynamic-Lift  Craft  (Model  4667)." 

Hubble,  "Resistance  of  Hard-Chine,  Stepless  Planing  Craft  with  Syste- 
matic Variation  of  Hull  Form,  Longitudinal  Center  of  Gravity,  and 
Loading ." 

Clement,  "Analyzing  the  Stepless  Planing  Boat." 

Brown , "An  Experimental  and  Theoretical  Study  of  Planing  Surfaces  with 
Trim  Flaps." 

The  method  of  making  a full  scale  prediction  from  model  tests  is  described  by 
Clement  in  "How  to  Use  the  SNAME  Small  Craft  Data  Sheets  for  Performance  Pre- 
diction and  for  Design",  referenced  in  Section  III. C. 2. a.  Resistance  and  Trim, 
General . 

A calculation  procedure  for  planing  hulls  is  given  in: 

Clement,  Pope,  "Stepless  and  Stepped  Planing  Hulls  - Graphs  for  Perfor- 
mance Prediction  and  Design." 
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A similar  work  pertaining  to  very  low  aspect  ratio  hulls  is: 


Clement,  "Graphs  for  Predicting  the  Ideal  High-Speed  Resistance  of 
Planing  Catamarans. " 

There  are  several  reports  pertaining  to  high  aspect  ratic  planing  surfaces  as 
applied  to  stepped  hulls: 

Clement , "Performance  Limits  of  the  Stepless  Planing  Boat  and  the  Poten- 
tialities of  the  Stepped  Boat." 

Clement,  "A  Lifting  Surface  Approach  to  Planing  Boat  Design." 

Of  particular  interest  for  practical  design  is: 

Lippisch,  Colton,  "Stepped  Planing  Boats,  Some  Full-Scale  Test  Results." 

The  advantages  of  a cambered  planing  surface  can,  in  general,  be  utilized  only 
in  a stepped  boat.  Some  reports  on  this  subject  are; 

Clement,  "The  Planing  Characteristics  of  a 15-Degree  Deadrise  Surface 
with  Circular  Camber." 

Clement,  "Graphs  for  Designing  Cambered  Planing  Surfaces  Having  the 
Johnson  Three-Term  Camber  Section,  Rectangular  Planform,  and  Zero 
Deadrise." 

Moore,  "Cambered  Planing  Surfaces  for  Stepped  Hulls  - Some  Theoretical 
and  Experimental  Results." 

A particular  adaptation  of  the  stepped  hull  is  presented  in  the  following 
reports: 

Clement,  "Effect  of  Length-Beam  Ratio  on  the  Performance  of  a Stepped 
Planing  Boat  with  an  Adjustable  Stern  Stabilizer." 


30 


Clement,  Springston,  Moore.  "Hydrodynamic  Design  Procedure  for  a Dyna- 
plane  Boat." 

The  following  report  is  typical  of  many  on  inverted  vee-bottom  surfaces: 

Kimon,  P.  M..  "The  Planing  Characteristics  of  an  Inverted  V Prismatic 
Surface  with  Minus  10  Degrees  Deadrise." 

There  is  less  information  available  on  high  speed,  round  bottom  hulls.  The 
following  reports  are  particularly  useful: 

Marwood,  Bailey,  "Design  Data  for  High  Speed  Displacement  Hulls  of  Round- 
Bilge  Form." 

Yeh,  H.Y.H.,  "Series  64  Resistance  Experiments  on  High-Speed  Displace- 
ment Forms." 

Clement,  "Merit  Comparisons  of  the  Series  64  High  Speed  Displacement  Hull 
Forms." 

Clement,  "A  Critical  Review  of  Several  Reports  on  Round  Bottom  Boats." 
Beys,  P.M.,  "Series  63,  Round  Bottom  Boats." 


Further  information  or  round  bottom  hulls  may  be  found  in  Chey,  referenced  in 
Section  III .C.l . 


III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


2.  RESISTANCE  AND  TRIM 
c . Appendage  Resistance 

This  subject,  is  covered  in  some  of  the  works  listed  in  Sections  II,  General; 
III. A.  Naval  Architecture,  General;  III.C.l.,  Hydrodynamics,  General; 

III. C. 2. a Resistance  and  Trim,  General;  and  Ill.C.S.b  Control  Surface 
Design. 

Perhaps  the  most  frequently  quoted  work  on  the  subject  of  resistance  is 
Hoerner,  Sect.  II I. C. 2. a . Scale  effect  on  appendages  in  model  tests  is  a 
problem.  It  is  dealt  with  in; 

Clement,  "Scale  Effect  on  the  Drag  of  a Typical  Set  of  Planing 
Boat  Appendages." 


32 


III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


2.  RESISTANCE  AND  TRIM 
d . Wedges  and  Flaps 

Information  on  this  subject  is  very  scarce.  The  best  report  obtainable 
is: 


Brown,  P.W.,  "An  Experimental  and  Theoretical  Study  of  Planing  Sur- 
faces with  Trim  Flaps." 

This  report,  summarized  in  Savitsky,  Brown  referenced  in  Section  III.C.l. 
Hydrodynamics,  General,  is  based  on  tests  of  prismatic  models  and 
presents  readily  useable  equations  for  the  calculation  of  the  lift,  drag, 
and  trimming  moment  of  the  flap  as  well  as  the  hinge  moment  of  the  flap 
itsel f . 

Extensive  experiments  were  run  with  two  models  of  Series  62,  with  several 
wedge  configurations  and  loading  conditions.  Apparently  there  has  been  no 
attempt  to  correlate  these  results  with  Brown's  equations.  This  work  is  sum- 
marized and  analyzed  in: 

Millward,  A. , "The  Effect  of  Wedges  on  the  Performance  Character- 
istics of  two  Planing  Hulls." 

Wedges  can  be  used  differentially  to  produce  a roll  moment.  Experimental 
studies  of  this  effect  are  presented  by  Denny  and  Block  in  a report  refer- 
enced in  Section  III.C.A.b  Roll  Stabilization. 


III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


2.  RESISTANCE  AND  TRIM 


e.  Porpoising 

There  are  two  experimental  criteria  for  porpoising  limits,  given  by  Savitsky, 
referenced  in  Section  III. C. 2. a)  Resistance  and  Trim,  General,  and  by  Clement 
and  Blount,  referenced  in  Section  III.C.2.b)  Bare  Hull  Resistance.  A recent 
report  on  theoretical  Prediction  of  Porpoising  is: 

Martin,  M,  "Theoretical  Prediction  of  Porpoising  Instability  of  High- 
Speed  Planing  Boats". 

An  engineering  approach  to  the  subject  is  presented  in: 

Angel i , "Evaluation  of  the  Trim  of  a Planing  Boat  at  the  Inception  of 
Porpoising". 


lil.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


2.  RESISTANCE  AND  TRIM 

f.  Spray  Strips  and  Spray  Formation 

A discussion  of  the  importance  and  use  of  spray  strips  will  be  found  in 
Koelbel , "Performance  Prediction" 

Analytical  and  experimental  work  on  the  location  of  bottom  spray  strips  is 
reported  in 

Clement,  "Effects  of  Longitudinal  Bottom  Spray  Strips  on  Planing 
Boat  Resistance" 

Clement,  "Reduction  of  Planing  Boat  Resistance  by  Deflection  of  the 
Whisker  Spray" 

Background  information  on  supression  of  the  main  spray  blister  may  be  found  in 

Savitsky,  Breslin,  "On  the  Main  Spray  Generated  by  Planing  Surfaces" 

The  results  of  full  scale  testing  of  several  locations  and  configurations 
of  spray  strips  on  two  different  types  of  planing  craft  are  reported  in 

Koelbel , "The  Detail  Design  of  Planing  Hull  Forms". 
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III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


2.  RESISTANCE  AND  TRIM 
g.  Shallow  Water  Effects 

Although  there  are  many  papers  in  the  SNAME  Transactions  and  other  sources  on 
tunnel  vessels  such  as  towboats,  there  are  very  few  current  references  on 
shallow  water  which  are  applicable  to  small  craft. 

Christopher.  "Effect  of  Shallow  Water  on  the  Hydrodynamic 
Characteristics  of  a Flat-Bottom  Planing  Surface." 

Toro,  "Shallow  Water  Performance  of  a Planing  Boat." 

Blount,  Hankley,  "Full  Scale  Trials  and  Analysis  of  High  Performance 
Craft  Data" 

The  last  reference  clearly  establishes  the  minimum  depth  of  water,  relative  to 
craft  size,  required  to  avoid  any  effect  on  the  boat's  speed. 
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III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


3 . STEERING  AND  COURSEKEEPING 

a.  General 

There  is  still  very  little  information  on  this  subject  aside  from  rules  of 
thumb  for  selecting  rudder  area,  listed  in  b)  below,  two  references 
represent  what  is  presently  known  about  the  steering  of  planing  hulls: 

Sugai , "On  the  Maneuverability  of  the  High  Speed  Boat." 

Henry,  "Calm  Jater  Equilibrium,  Directional  Stability  and  Steady 
Turning  Conditions  for  Recreational  Planing  Craft." 
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III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


3 . STEERING  AND  COURSEKEEPING 
b.  Control  Surface  Design 

Several  recent  reports  present  the  results  of  experiments  on  high  speed 
rudders.  The  most  useful  is: 

Gregory,  Dobay,  "The  Performance  of  High-Speed  Rudders  in  a Cavi- 
tating  Environment". 

Others  are: 

Mathis,  Gregory,  "Propeller  Slipstream  Performance  of  Four  High- 
Speed  Rudders  under  Cavitating  Conditions". 

Moody , "Hydrodynamic  Characteristics  of  a Control  Surface:. 

A comprehensive  compilation  of  test  data  on  many  non-cavitating  control 
surfaces  of  a wide  range  of  proportions  is  presented  in: 

Whicker  and  Fehlner,  "Free  Stream  Characterisi tcs  of  a Family 
of  Low  Aspect  Ratio  All-Moveable  Control  Surfaces  for  Application 
to  Ship  Design". 

It  is  not  necessary  to  use  the  many  graphs  presenting  test  results,  because 
the  authors  present  semi-empirical  equations  for  the  calculation  of  lift, 
drag,  spanwise  and  chordwise  center  of  pressure,  etc.  This  paper  has  been 
the  basis  for  virtually  all  the  rudder  and  fin  design  in  the  U.S.  Navy. 

The  following  is  an  older,  but  still  useful  paper  on  rudder  design  with  infor- 
mation on  rules  of  thumb  for  sizing  single  and  twin  rudders. 
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Hal  1 . "Rudder  Design  for  Planing  Craft". 

A guide  to  rudder  size  is  given  in  Gregory  and  Dobay,  listed  above.  Also 
there  is  a graph  of  rudder  size  vs.  overall  boat  length  in  Uffa  Fox,  refer- 
enced in  Section  111. A.  Naval  Architecture,  General.  It  is  not  clear  if 
this  is  total  rudder  area,  or  area  per  rudder.  There  is  also  some  good 
information  on  selection  of  rudder  area  in: 

Lord,  "Naval  Architecture  of  Planing  Hulls". 
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III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


4 . SEAKEEPING 

a.  General 

The  basic  theory  of  seakeeping,  as  applied  to  displacement  vessels,  is 
covered  in  the  standard  works  on  naval  architecture,  particularly  by  Edward 
V.  Lewis  in  Comstock,  referenced  in  Section  III. A. 

A work,  now  mostly  of  historic  interest,  which  explains  the  problems  of 
seakeeping  predictions  for  planing  boats,  and  which  contains  an  excellent 
list  of  references,  particularly  rough  water  model  tests,  is: 

Savitsky,  "On  the  Seakeeping  of  Planing  Hulls". 

A good  introduction  to  the  seakeeping  of  planing  hulls  including  their  low 
speed  operation  is  given  in 

Savitsky,  "Small  Craft  Behavior  in  a Seaway". 

In  this  work  he  references,  and  presents  sample  design  charts  from 

Fridsma , "A  Systematic  Study  of  the  Rough  Water  Performance  of 
Planing  Boats,  Phase  II,  Irregular  Seas". 

This  is  currently  the  best  information  available  on  the  motions,  accelerations, 
and  added  resistance  in  head  seas  of  planing  boats.  This  work  is  summarized 
by  Savitsky  and  Brown,  referenced  in  Section  III.C.l.  Hydrodynamics,  General, 
which  also  gives  empirical  equations  for  added  resistance  and  impact  accele- 
rations which  are  based  on  and  can  be  used  in  lieu  of  the  design  charts  of 
Fridsma.  A recent  report  on  theoretical  prediction  of  motions  is: 

Martin,  "Theoretical  Prediction  of  Motions  of  High-Speed  Planing 
Boats  in  Waves". 
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Excellent  general  discussions  of  the  effects  of  hull  form  on  seaworthiness  may 
H be  found  in: 

I McGown,  "The  Seaworthiness  Problem  in  High  Speed  Small  Craft". 

^ and  in  papers  by  Koelbel  and  by  Van  Mater  and  Dornak,  referenced  in  III.C.l. 

Hydrodynamics,  General.  Additional  background  is  provided  by: 

Hires,  "Recreational  Craft  Performance  Study--Pitch  and  Heave 
Response  of  Three  Planing  Craft  at  Zero  Speed  in  Following  Seas". 

Nuinata,  Lewis,  "An  Experimental  Study  of  the  Effect  of  Extreme 
- Variations  in  Proportions  and  Form  on  Ship  Model  Behavior  in  Waves". 


III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


4.  SEAKEEPING 
b . Roll  Stabiliza tj^qn 

The  general  subject  of  rolling  and  roll  stabilization  is  covered  in  the 
works  cited  in  Section  III  A.  Current  knowledge  is  summarized  (citing  40 
references)  in; 

Cox,  Lofft,  "State-of-the-Art  for  Roll  Stabilizers." 

Mathematical  analysis  and  full  scale  experiments  on  a motor  yacht  are  dis- 
cussed in: 

Van  Gunsteren,  "Analysis  of  Roll  Stabilizer  Performance." 

Both  these  references  present  a case  for  using  the  rudders  as  roll  stabilizers, 
either  alone  or  combined  with  roll  fins.  Fin  stabilizers  are  covered  in 
detail  in: 

Conol ly,  "Rolling  and  its  Stabilization  by  Active  Fins." 

and  the  testing  of  roll  fins  in  two  particular  applications  is  discussed  in; 

Baitis,  Cox,  Wollaver,  "Evaluation  of  Vosper  Active  Fin  Roll  Stabi- 
lizers," 

Shields,  Foster.  "Active  Fin  Roll  Stabilization  Effectiveness  on  a 
65'  Torpedo  Retriever  Boat  (TRB)." 

The  latter  report,  although  available  for  public  distribution,  may  not  be  easily 
obtainable. 
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A study  of  roll  control  by  means  of  flush  flaps,  located  both  at  the  transom 
and  forward  of  the  transom,  is  presented  in: 


Denny.  Block,  "Rolling  Moment  Characteristics  of  a Planing  Hull  with 
Wedges" . 

References  pertaining  to  roll  motions  as  they  affect  crew  effectiveness  and 
motion  sickness  may  be  found  in  Section  V,  Habitability  and  Safety. 


III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 

5 . IMPACT  PRESSURES  AND  LOADS 

The  subject  of  impact  pressures  and  loads  is  covered  by  Heller  and  Jasper, 
Danahy,  Silvia,  Spencer,  and  others  in  Section  III.D.l,  Structures,  General 
Design.  These  works  are  easily  useable  by  the  practicing  designer.  Recent 
analytical  work,  which  is  at  present  useful  in  only  a few  specialized  cases, 
is  reported  in; 

Gray,  Allen,  Jones,  "Prediction  of  Three-Dimensional  Pressure  Distri- 
butions on  V-Shaped  Prismatic  Wedges  During  Impact  and  Planing." 

Jones,  Allen,  "A  Semi-Empirical  Computerized  Method  for  Predicting 
Three  Dimensional  Hull/Water  Impact  Pressure  Distributions  and  Forces 
on  High  Performance  Hulls." 

Recent  experimental  Work  on  impact  is  reported  in: 

Mercier,  "Impact  Loads  on  Warped  Planing  Surfaces  Landing  on  Smooth 
and  Rough  Water." 

A recent  survey  of  slamming  theories  with  suggestions  for  making  them  applicable 
to  design  is  given  in: 

Giannotti,  Fuller,  "Slamming  of  High  Performance  Marine  Vehicles." 

Additional  references  related  to  slamming  will  be  found  in  Section  III.D.2. 
Structural  Engineering. 
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III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


6.  PROPULSION 

a.  General 

The  current  state-of-the-art  in  propulsion  calculations  is  outlined,  with  a 
worked  example,  in; 

Blount,  Fox,  "Small  Craft  Power  Prediction". 

This  paper  includes  propeller  characteristics  over  a wide  range  of  cavitation 

2 

numbers  for  the  Gawn-Burrill  propeller  series,  plotted  in  the  K^/J  format. 
The  characteristics  of  other  propeller  series  are  given  in  the  same  format 
in : 

Blount,  Fox,  "Design  Considerations  for  Propellers  in  a Cavitating 
Environment". 

The  results  of  some  full  scale  trials  and  their  correlation  with  model  tests 
are  given  in: 

Blount,  Hankley,  "Full  Scale  Trials  and  Analysis  of  High  Performance 
I Craft  Data". 

n This  work  is  particularly  useful  for  the  practicing  designer.  It  reports  an 

' apparent  lack  of  correlation  between  model  and  full  scale  results  in  some 

areas;  however,  the  discussions  of  the  paper  should  be  reviewed  for  explana- 
I ) tions  which  bring  the  predictions  into  close  agreement  with  the  full  scale 

trials.  It  also  contains  other  useful  design  information  such  as  plating 
) 1 pressures  due  to  propeller  forces,  and  strut  design. 


II 

I] 
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Round  bottom  propulsion  factors,  developed  from  model  tests,  are  given  in: 

Blount,  "Resistance  and  Propulsion  Characteristics  of  a Round- 
Bottom  Boat  (Parent  Form  of  TMB  Series  63)." 

A method  of  calculating  the  propulsive  performance  of  planing  craft,  including 
most  propeller  and  appendage  effects  is  given  in: 

Hadler , "The  Prediction  of  Power  Performance  on  Planing  Craft." 

This  work  is  applied  to  Series  62  with  a wide  range  of  propulsion  arrangements 
in: 

Hadler,  Hubble,  "Prediction  of  the  Power  Performance  of  the  Series  62 
Planing  Hull . " 

Experimental  data  which  is  extremely  useful  in  this  type  of  prediction 
(inclined  shaft)  is  given  in: 

Peck,  Moore,  "Performance  Characteristics  of  Four  Inclined  Shaft 
Propellers." 

A good  description  of  propeller  selection  methods  as  applied  to  commercially 
available  styles  is  given  in: 

Kress,  Lorenz,  "Marine  Propeller  Selection." 

An  excellent  introduction  to  the  design  of  propellers  (as  contrasted  to 
selection  from  series)  using  both  successful  empirical  techniques  and 
acceptable  theoretical  principles  is  given  in: 

Kress , "High-Speed  Propeller  Design." 

Reports  of  the  performance  of  conventional  ogive  section  (flat  face  and 
circular  arc  back)  propellers  is  given  in: 
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Gawn,  "Effect  of  Pitch  and  Blade  Width  on  Propeller  Performance". 


A somewhat  more  efficient  series  of  propellers,  having  air-foil  sections 
near  the  root  and  ogive  sections  near  the  tip,  is  reported  in: 

Van  Lanimeran , et .al . , "The  Wageningen  B-Screw  Series". 


Results  of  tests  on  a series  of  propellers  suitable  for  "transcavi tating" 
operation  (in  both  the  sub-  and  supercavi tating  regimes  as  well  as  the  transi- 
tion from  one  to  the  other)  are  reported  in: 

Newton,  Rader, "Performance  Data  of  Propellers  for  High  Speed  Craft". 

A refinement  in  the  propeller  selection  procedure  is  discussed  in: 

Vibrans,  "The  Effects  on  Engine  Load  from  Small  Changes  in  Propeller 
Dimensions" . 

The  effect  of  machinery,  e.  g.  engine  driven  auxiliaries,  on  propeller  perfor- 
mance is  discussed  in: 

Woodward,  "Propulsion  by  the  Internal  Combustion  Engine". 

Additional  topics  of  interest  are  taken  up  in  the  following  works: 

Falls,  "A  Comparison  of  Contrarotating  Propellers  with  other  Propulsion 
Systems " . 

Van  Manen,  "Non  Conventional  Propulsion  Devices". 

Information  on  the  operation  of  propellers  behind  the  gearcase  of  an  outboard 
motor  lower  unit  is  given  in: 

Kruppa,  "Practical  Aspects  in  the  Design  of  High  Speed  Propellers". 
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Optimization  of  propeller  design  for  a particular  service  is  discussed  in 


Kroeqer,  Cummings,  'Subcavitating  Propeller  Design  for  Maximum 
Propeller  Efficiency  or  Minimum  Fuel  Use". 


III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


6.  PROPULSION 

b . Cavitation,  Ventilation,  Parti a1  Su bmergence. 

Propeller  characteristics  over  a wide  range  of  cavitation  numbers  are  plotted 

2 

in  the  new,  but  useful,  Kj/J  format  in: 

Blount,  Fox,  "Design  Considerations  for  Propellers  in  a Cavitating 
Environment" . 

Cavitation  performance  of  series  propellers  in  the  conventional  format  is 
reported  in: 

Gawn,  Burril 1 , "Effect  of  Cavitation  on  the  Performance  of  a Series 
of  16-inch  Model  Propellers". 

Newton,  Rader,  "Performance  Data  of  Propellers  for  High  Speed  Craft". 

Peck,  Fisher,  "Cavitation  Performance  of  Propellers  with  and  without 
Cupping" . 

Cavitation  performance  in  a tunnel  hull  configuration  is  dealt  with  in: 

Peck , "Tunnel  Hull  Cavitation  and  Propeller  Induced  Pressure  Investi- 
gation" . 

A few  representative  papers  on  supercavi tating  performance  are: 

Hecker,  Peck,  McDonald,  "Experimental  Performance  of  TMB  Supercavi ta- 
ting Propellers". 

Hecker,  Shields,  McDonald,  "Experimental  Performance  of  Controllable 
Pitch  Supercavitating  Propellers". 


49 


Gumming,  "An  Experimental  Evaluation  of  three  Methods  for  Increasing 
the  Leading  Edge  Thickness  of  Supercavi tating  Propellers". 

Ventilated  propeller  performance  is  dealt  with  in  the  following  representa- 
tive paper 

Hecker,  Crown,  "Ventilated  Propeller  Performance". 

Partially  submerged  propellers  are  discussed  in: 

Kruppa , "Testing  of  Partially  Submerged  Propellers". 

Kruppa , "Practical  Aspects  in  the  Design  of  High  Speed  Propellers". 

Lindenmuth,  Barr,  "Study  of  the  Performance  of  a Partially  Submerged 
Propeller". 

Hecker,  "Experimental  Performance  of  a Partially  Submerged  Propeller 
in  Inclined  Flow". 

Scherer,  Bohn,  "Partially  Submerged  Supercavi tating  Propel lers- 
Parametric  Analysis  and  Design  of  a Family  of  Nine  Model  Propellers". 
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III.  NAVAL  ARCHITECTURE 
C.  HYDRODYNAMICS 


6 . PROPULSION 

c . Tunnel s 

The  two  most  recent  and  useful  reports  on  performance  of  propellers  in 
tunnels  are: 

Harbauqh,  Blount,  "An  Experimental  Study  of  a High  Performance 
Tunnel  Hull  Craft." 

Ellis,  Alder.  "Propulsion  Experiments  with  a Deep  Tunnel  Planing 


Hull. 


III.  NAVAL  ARCHITECTURE 

c.  hydrodynamics 


♦ 

I 

6.  PROPULSION 

d.  Counter-Rotating  Propellers 

A recent  report  on  counter-rotating  propellers  is; 

Hecker,  McDonald.  "The  Effect  of  Axial  Spacing  and  Diameter  on  the 
Powering  Performance  of  Counterrotating  Propellers." 

Additional  background  information  is  contained  in: 

I Beveridge , "Thrust  Deduction  in  Contra-Rotating  Propellers." 

1 See  also  Falls  in  Section  III. C. 6. a. 

i 
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III.  NAVAL  ARCHITECTURE 


C.  HYDRODYNAMICS 


6 . PROPULSION 
e,  Waterjets 

A comprehensive  review  of  waterjet  propulsion  is  presented  in 

Apollonio,  "Practical  Application  of  Waterjet  Propulsion" 

which  summarizes  the  state-of-the-art,  describes  the  pumps  available  on  the 
market,  and  gives  the  hydrodynamic  fundamentals  and  mechanical  design  con- 
siderations necessary  for  the  proper  application  of  the  waterjet  concept.  An 
earlier  work  that  also  provides  a good  background  in  the  theory  of  propulsion 
by  waterjet  is 

Brandau,  "Aspects  of  Performance  Evaluation  of  Waterjet  Propulsion 
Systems  and  a Critical  Review  of  the  State  of  the  Art". 

The  following  work  compares  jets  with  propellers,  discusses  the  matching  of 
pump  thrust  to  hull  drag,  and  gives  realistically  attainable  propulsive 
coefficients: 

Arcand,  "Waterjet  Propulsion  for  Small  Craft". 

Other  reports  of  interest  are: 

Kruse.  "Waterjet  Propulsion-Optimization  Procedure". 

Walker,  "Marine  Jet  Units". 
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III.  NAVAL  ARCHITECTURE 
D.  STRUCTURES 


GENERAL  STRUCTURAL  DESIGN 

The  structural  design  of  small  craft  is  covered  in  many  general  works 
on  naval  architecture  and  boat  design  . Some  of  these  are  listed  in 
Sections  II  and  III. A,  and  virtually  all  of  them  are  listed  by  Silvia, 
referenced  below.  For  wooden  displacement  boats  the  structural  members 
are  usually  sized  by  previous  experience.  A great  deal  of  this  experi- 
ence has  been  formalized  in  scantling  rules  such  as  those  of  Nevins  and 
Herreshoff  presented  in 

Kinney,  "Skene's  Elements  of  Yacht  Design" 

and  in  the  rules  and  regulations  of  the  classification  societies  listed 
in  Section  I (particularly  Lloyds  for  yacht  construction).  There  are  also 
classification  society  rules  for  the  construction  of  craft  in  fiberglass, 
aluminum  and  steel.  Distinction  must  be  made  between  yachts  and  cortmercial 
vessels  when  choosing  scantlings  according  to  a rule  in  order  to  get  proper 
strength  for  the  type  of  service  the  craft  will  experience. 

The  best  general  work  giving  a calculation  procedure  for  small  craft  struc- 
tures of  both  displacement  and  planing  types,  in  all  materials,  is: 

Silvia,  "Small  Craft  Engineering  Structures" 

This  work  is  important  because  of  its  excellent  blend  of  the  theoretical 
and  practical  approaches  to  the  problem,  and  because  of  the  exhaustive 
list  of  references  pertaining  to  all  materials  including  ferro-cement. 

The  only  reservation  (now  shared  by  Silvia  and  discussed  below)  is  in  re- 
gard to  the  basic  bottom  design  pressure  for  planing  hulls.  Silvia  cur- 
rently recommends  a synthesis  of  several  other  works  listed  and  discussed 
in  III.D.2. 
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Although  directed  primarily  toward  larger  vessels,  an  excellent  work 
which  provides  much  useful  information,  especially  structural  details, 
applicable  to  craft  built  of  steel  or  aluminum  is  the  following: 

D' Arcangelo,  "A  Guide  to  Sound  Ship  Structures". 

Much  valuable  design  guidance,  based  on  actual  boatbuilding  experience, 
is  provided  by 

Steward,  "Boatbuilding  Manual " (wood) 

DuPl ess  is, "Fiberglass  Boats" 

Graul  and  Fry,  "Design  and  Construction  of  Metal  Planing  Boats" 

K1 ingle,  "Boatbuilding  with  Steel" 

The  last  contains  an  excellent  section  on  "Boatbuilding  with  Aluminum" 
by  Thomas  Colvin.  The  following  papers  may  also  be  of  some  interest; 

Rukin,  "Recommended  Guide  for  Aluminum  Crew  Boats  and  Yachts" 

Norqaard , "Aluminum  Crew  Boats" 

Holtyn,  "Alumability" 

Rawat,  "A  Systems  Approach  to  Hull  Structural  Design" 

Gibbs  and  Cox,  "Marine  Survey  Manual  for  Fiberglass  Reinforced 
Plastics" 

Caldwell.  Hewitt.  "Toward  Cost  Effective  Design  of  Ship  Structure". 
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Publications  of  Alcoa,  Kaiser  and  Reynolds  for  aluminum  and  Owens-Corning 
for  fiberglass  are  excellent  sources  of  structural  design  information.  In 
addition,  some  of  the  general  works  listed  in  Sections  II,  and  III. A.  cover 
construction.  While  not  essential  to  the  small  craft  designer,  a general 
work  which  will  provide  him  with  a broad  background  and  perspective  on 
marine  design  in  general  (indluding  construction  and  outfitting)  is: 

D'Arcangelo,  "Ship  Design  and  Construction: 

An  excellent  recent  work  on  the  design  of  structures  with  a view  toward 
weight  saving  is; 

Heller,  Clark, "The  Outlook  for  Lighter  Structures  in  High  Performance 

Marine  Vehicles". 
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III.  NAVAL  ARCHITECTURE 
D.  STRUCTURES 


2.  STRUCTURAL  ENGINEERING 

The  structural  design  process  as  applied  to  small  high  speed  craft  is  outlined 
in  several  works  of  which  the  following  are  most  used: 

Heller,  Jasper,  "On  the  Structural  Design  of  Planing  Hulls" 

Danahy,  "Adequate  Strength  for  Small  High  Speed  Vessels" 

Spencer,  "Structural  Design  of  Aluminum  Crew  Boats" 

These  papers,  and  the  Silvia  paper  referenced  in  III.D.l,  all  use  different 
basic  hull  design  pressures.  This  problem  is  partially  resolved  for  very  high 
performance  craft  by  the  presentation  of  the  results  of  some  fairly  extensive 
full  scale  trials  in 

Allen,  Jones,  "Considerations  on  the  Structural  Design  of  High 
Performance  Marine  Vehicles" 

There  is,  however,  no  one  accepted  method  for  arriving  at  design  loads  or  ac- 
celerations nor  is  there  general  agreement  as  to  factors  of  safety  or  allowable 

1 

stress  and  defection  limits  once  the  loads  are  selected.  The  designer  must 
decide  how  conservative  a design  is  required.  If  model  test  derived  accele- 
ration data  are  available,  the  Allen,  Jones  method  may  be  used  to  determine 
design  pressure.  Lacking  model  test  data,  the  Spencer  equations  provide 
reasonable  calculated  design  pressures  for  most  applications.  For  very  fast 
cruft,  it  is  suggested  that  a check  be  made  of  the  Spencer  derived  pressure 
by  working  the  Allen, Jones  method  backward  to  ensure  that  unnecessarily  high 
acceleration  levels  are  not  being  accommodated. 

It  is  very  important  to  remember  that  each  design  pressure  estimation  method 
is  completely  independent  of  the  others.  It  is  inappropriate  to  apply  the 
reduction  factors  from  one  method  to  the  initial  pressure  derived  by  another. 


57 


As  stated,  all  the  above  papers  are  concerned  primarily  with  the  determi- 
nation of  a suitable  design  pressure  for  each  of  the  major  structural  elements 
of  the  hull.  For  a detailed  stress  analysis  of  a particular  structure,  any  of 
the  many  standard  textbooks  may  be  used.  For  example: 

Timoshenko.  "Elements  of  Strength  of  Materials" 

Roark.  "Formulas  for  Stress  and  Strain" 

Stress  analysis  is,  of  course,  a field  in  itself  and  coverage  of  more  advanced 
methods  is  beyond  the  scope  of  this  work.  Additional  works  which  will  be  found 
useful  are: 

United  States  Steel,  "Design  Manual  for  High  Strength  Steels" 

Kaiser  Aluminum,  "Aluminum  Boats" 

Alcoa , "Aluminum  Afloat" 

Lincoln  Electric,  "Procedure  Handbook  of  Arc  Welding" 

Bureau  of  Ships.  "Wood:  A Manual  for  its  Use  as  a Shipbuilding 
Material",  4 Volumes 

Owens-Corninq.  "Boatbuilder's  Answer  Book",  a collection  of  technical 
publications. 

A great  deal  of  other  valuable  technical  information  is  published  by  the 
various  trade  associations. 

The  following  works  may  also  be  of  interest; 

Lev,  Nappi . "Properties  of  Combined  Aluminum  Beam  and  Plate" 

El  Gamma! . "A  New  Method  for  Estimating  the  Fatigue  Life  of  Ship 
Structures" 
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Demchik,  "Marine  Environment  Effects  on  Fatigue  Crack  Propagation 
in  GRP  Laminates  for  Hull  Construction" 

Noonan,  "An  Assessment  of  Current  Shipboard  Vibration  Technology" 

Furio,  Gi 1 be rt ," Energy  Absorption  and  Impact  Behavior  of  Stiffened 
and  Unstiffend  Aluminum  Panels" 

Smith , "Buckling  Problems  in  the  Design  of  Fiberglass  Reinforced 
Plastic  Ships" 


III.  NAVAL  ARCHITECTURE 
D.  STRUCTURES 

3.  MATERIALS.  COATINGS.  AND  PROCESSES 

The  properties  of  most  common  materials  can  be  found  in  the  standard  hand- 
books. For  aluminum,  the  various  aluminum  companies  are  the  best  sources. 

For  information  on  fiberglass,  the  best  source  is  Owens-Corning.  For  steel,  a 
work  that  has  been  found  very  useful,  particularly  for  its  description  of  steel 
alloys,  their  application,  properties,  etc.,  is: 

Lincoln  Electric.  "Procedure  Handbook  of  Arc  Welding" 

For  wood  properties  one  of  the  best  sources  is 

Bureau  of  Ships.  "Wood:  A Manual  for  its  Use  as  a Shipbuilding 
Material" 

Other  publications  covering  various  aspects  of  materials,  coatings  and 
processes  are: 

American  Welding  Society.  "Hull  Welding  Manual" 

American  Welding  Society.  "Welding  Aluminum" 

SNAME,  "Coating  Systems  Guide  for  Hull.  Deck  and  Superstructure" 

Gelfer.  "Inorganic  Zinc  Coatings  on  Underwater  Surfaces" 

Marshall . "Shop  Approach  to  Fabrication  of  Aluminum  Boats" 

Klinqie.  "Boatbuilding  with  Steel"  (including  Colvin . "Boat- 
building with  Aluminum") 

Additional  guidance  and  references  may  be  found  in  some  of  the  general 
works  cited  in  Sections  I.  II.  III. A.,  and  IV. A. 
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IV.  MARINE  ENGINEERING 
A.  GENERAL 

The  general  subject  of  marine  engineering  is  covered  in  several  of  the 
works  listed  in  Section  II,  "General",  and  in 

Harrington,  "Marine  Engineering" 

This  work  is  an  authoritative  summary  of  the  entire  field  and  includes  many 
references  which  will  be  found  useful  in  particular  applications. 

The  following  works  on  specific  subjects  are  not  included  in  any  of  the  follow- 
ing subsections: 

Jacob,  Hawkins,  "Elements  of  Heat  Transfer" 

Sol  berg,  Cromer,  Spaulding,  "Thermal  Engineering" 

Lundgaard,  "The  Relationship  Between  Machinery  Vibration  Levels  and 
Machinery  Deterioration  and  Failures" 

Lundgaard,  Grant,  "New  Methods  of  Vibration  Analysis  and  Stress 
Measurement  in  Rotating  Machinery" 

Wilson,  Lombardi,  "Interim  Procedure  for  the  Calculation  of  High 
Performance  Ship  Endurance  Fuel  Requirements" 

The  most  authoritative  and  current  work  on  the  subject  of  marine  corrosion  is 

LaQue,  "Marine  Corrosion" 

A particular  aspect  of  the  subject  is  covered  in: 

Miller,  Hack,  "Impressed  Current  Cathodic  Protection  of  Aluminum 
Hull  Craft" 
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An  excellent  work  covering  the  whole  field  of  engine  selection,  rating, 
installation  and  interaction  with  propulsors  and  auxiliaries  is: 

Woodward,  "Propulsion  by  the  Internal  Combustion  Engine" 

Although  it  concerns  a particular  class  of  vessel,  the  following  work  is 
of  general  interest 

Lundqaard,  Mathers, "PGM  Class  Aluminum  Gun  Boat  Machinery  and 
Controls" 

An  excellent  introduction  to  the  theory  of  propulsion  control  systems  and  its 
practical  application  is  given  in: 

Rubis, "Acceleration  and  Steady-State  Propulsion  Dynamics  of  a Gas 
Turbine  Ship  with  Controllable-Pitch  Propeller" 

The  methods  described  in  this  work  are  readily  applicable  to  small  craft  design. 
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IV.  MARINE  ENGINEERING 
B.  PRIME  MOVERS 


1 . ENGINE  SELECTION  AND  RATING 

This  subject  is  covered  in  works  listed  in  Sections  IV. A.  and  II. 

In  addition,  the  following  works  are  of  particular  interest 

Barr,  Etter,  "Selection  of  Propulsion  Systems  for  Advanced 
High  Speed  Marine  Vehicles" 

McCoy,  "Gas  Turbine  Propulsion  for  High  Speed  Small  Craft" 

McAnal ly , "Small  Turbine  Engine  Technology" 

Ben ham,  "State  of  the  Art  Review,  Small  Gas  Turbine  Engine  Tech- 
nology" 

Sawyer,  "Sawyer's  Gas  Turbine  Catalog" 

Femenia,  "Economic  Comparison  of  Various  Marine  Power  Plants" 
Henshall , "Medium  and  High  Speed  Diesel  Engines  for  Marine  Use" 
Schrader,  "Diesel  Engine  Design  Study" 

Wagner,  "Rational  Methods  for  Engine  Ratings" 

Wyland,  "Selection  of  Power  Plants" 

Good  sources  of  information  on  engine  selection  and  rating  are  the  in- 
stallation manuals  of  the  engine  manufacturers,  some  of  which  arc  listed  in 
Section  IV. B. 2. 
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IV.  MARINE  ENGINEERING 
B.  PRIME  MOVERS 

2 . ENGINE  INSTALLATION 

The  best  source  of  information  on  the  many  details  of  engine  installa- 
tion, including  not  only  mounting  but  all  auxiliary  systems  are  the 
installation  manuals  of  the  various  engine  manufacturers.  Some  of 
these  are: 

Caterpi liar,  "Marine  Engine  Application  and  Installation  Guide" 

Detroit  Diesel  Allison  Division,  General  Motors,  "Marine  Engine 
Information" 

Pratt  and  Whitney,  "P  and  M FTd  Gas  Turbine  Installation  Design 
Handbook" 

General  Electric,  LM250C  Marine  Gas  Turbine  Installation  Design 
Handbook" 

AVCO  Lycoming,  "Applications  Handbook" 

Little  information  is  currently  available  on  the  design  of  heat  exchanger 
systems  for  small  craft.  Two  of  the  best  works  are 

Graul , "Fresh  Water  Cooling  for  Marine  Engines" 

Baier,  Schubert,  "Skin  Cooler  Design" 

A specialized  work  bearing  on  installation  practices  is 

Weber,  Schenck,  "A  Biological  Assay  of  the  Effects  of  Submerged 
Engine  Exhausts" 
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IV.  MARINE  ENGINEERING 
C.  POWER  TRANSMISSION 


1 . GEARING  AND  BELT  DRIVES 

The  small  craft  designer's  interest  in  gearing  and  belt  drives  is 
usually  limited  to  engineering  information  required  for  the  selection 
and  installation  of  a particular  unit.  Manufacturer's  catalogs  and 
applications  handbooks  are  usually  adequate. 

Gear  design  information  in  sufficient  detail  for  sizing  gear  trains  not 
available  off-the-shelf  is  available  in  standard  mechanical  engineers 
handbooks  such  as  Marks,  and  in  the  references  they  cite. 
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IV.  MARINE  ENGINEERING 
C.  POWER  TRANSMISSION 


2 . SHAFTING.  BEARINGS  AND  COUPLINGS 

Design  information  for  the  selection  of  shaft  sizes  and  bearing  spacing 
can  be  found  in  mechanical  engineering  handbooks,  general  works  on 
naval  architecture  and  marine  engineering,  codes  and  standards  of  the 
American  Boat  and  Yacht  Council,  the  American  Bureau  of  Shipping  and 
other  agencies,  publications  of  some  of  the  shafting  manufacturers, 
e.g.,  Huntington  Alloy  Division  of  International  Nickel  Co.,  Armco 
Steel  Corporation,  and  other  sources.  Some  of  these  are  listed  in 
Sections  I,  II,  III. A,  and  IV. A above. 

Most  of  the  required  data  for  the  selection  of  bearings  and  couplings 
can  be  found  in  manufacturers  catalogs.  Engineering  and  design  data 
are  available  from  the  sources  listed  above. 

The  Society  of  Automotive  Engineers  (SAE)  standard  taper  has  long  been  the 
industry  standard  for  propeller  shafts.  It  may  be  supplanted  by  the  ISO 
standard  and  developments  in  this  area  should  be  followed.  The  Boating 
Industry  Association  (BIA)  is  in  touch  with  these  matters.  As  a matter  of 
practical  design,  the  SAE  taper  is  not  suited  to  the  new  high  strength 
shafting  materials  because  they  have  a higher  ratio  of  strength  to  modulus. 
Therefore  the  tapered  part  of  the  shaft,  in  the  propeller,  twists  more  than 
it  does  with  weaker  materials,  thereby  letting  the  forward  part  of  the  key 
carry  much  of  the  torque  load.  This  results  in  cracking  around  the  forward 
end  of  the  keyway.  This  can  be  alleviated  by  grinding  out  the  keyway  to 
eliminate  sharp  corners  at  its  forward  end. 
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IV.  MARINE  ENGINEERING 
C.  POWER  TRANSMISSION 


3.  PROPELLERS 

The  mechanical  aspects  of  propellers,  e.g.,  blade  strength,  vibration,  etc., 
are  generally  well  taken  care  of  in  the  design  of  the  most  frequently  used 
blade  sections,  and  the  small  craft  designer  is  therefore  seldom  concerned 
with  these  problems.  Two  of  the  best  works  on  the  subject  are: 

O'Brien , "The  Design  of  Marine  Screw  Propellers" 

Conol ly , "Strength  of  Propellers". 

The  references  cited  in  Sections  III. A and  IV.  A.  should  also  be  consulted. 
The  choice  of  materials  is  covered  in  these  works.  In  addition,  the  larger 
propeller  manufacturers  can  provide  valuable  assistance  in  this  matter. 

Controllable-pitch  propellers,  aside  from  the  selection  of  their  hydrodynamic 
characteristics,  are  beyond  the  scope  of  this  work. 
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IV.  MARINE  ENGINEERING 
D.  AUXILIARY  SYSTEMS 


Most  of  the  design  information  required  for  sizing  the  capacity  or 
capability  of  auxiliary  systems  and  for  the  selection  of  components 
can  be  found  in  mechanical  and  other  engineering  handbooks,  general 
works  on  naval  architecture,  marine  engineering  and  ship  design,  the 
publications  of  the  classification  societies  and  other  agencies, 
and  other  works,  some  of  which  are  listed  in  Sections  I,  II,  1 1 1. A, 
and  IV. A. 

Some  excellent  literature  on  the  design  of  systems  is  available  from 
the  manufacturers.  For  example: 

Vickers,  "Vickers  Industrial  Hydraulics  Manual" 

Crane  Co. , "Flow  of  Fluids" 

There  are  also  many  papers  on  auxiliary  system  design.  A few  of  these 
are: 


Wallin.  "Marine  Sewage  Treatment  Plants  - A Guide  to  Selection" 

Woodward,  "Arrangement  of  Shipboard  Piping  by  Digital  Computer" 

Woodward,  "Waste  Heat  Distillers  in  Small  Craft  - Some  Engineer- 
ing Considerations" 

Environmental  regulations  are  now  an  important  consideration  in  the  design 
of  auxiliary  systems,  for  example,  the  need  to  include  oil  separators  in 
the  discharge  piping  of  the  bilge  system,  or  ash  traps  in  a dry  exhaust 
system,  A work  on  this  subject  is: 

Weber.  Schenck.  "Biological  Assay  of  the  Effects  of  Submerged  Engine 
Exhausts". 
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IV.  MARINE  ENGINEERING 
E.  HEATING,  VENTILATION,  AIR  CONDITIONING 


The  basic  principles  of  heating,  ventilation,  and  air  conditioning  are 
the  same  for  small  craft  as  for  large  ships  and  the  texts  and  methods  used 
for  the  latter  are,  in  general,  applicable  to  the  former.  For  example 
the  general  texts  and  engineering  handbooks  cited  in  Sections  II,  II. A., 
and  IV. A provide  a good  starting  point. 

Harrington,  "Marine  Engineering" 

in  particular,  presents  a good  introduction  to  environmental  control  systems 
including  basic  calculation  procedures  such  as  heat  load,  requi red  volume 
and  distribution  of  ventilation  air,  duct  losses,  etc.  The  references  cited 
provide  an  in-depth  coverage  of  the  subject. 

Environmental  aspects  of  this  subject  are  covered  in; 

Karanzal is, "Heating,  Ventilating,  Air  Conditioning  and  the  Environment". 

The  codes  and  regulations  cited  in  Section  I provide  additional  guidelines 
and,  in  some  cases,  requirements  which  must  be  met.  In  the  final  design  of 
the  craft,  manufacturers'  literature  must  be  used  to  select  the  actual  hard- 
ware to  be  installed.  The  functions  of  heating,  ventilating  and  air  condi- 
tioning are  handled  most  efficiently  in  larger  craft  by  central  plants.  In 
smaller  craft  sizes  it  is  frequently  better  (considering  space  and  cost  as 
well  as,  or  perhaps  more  than,  power  consumption)  to  use  small  self-contained 
units  rather  than  a central  system.  The  cross  over  size  is  about  70  feet 
LOA  for  types  of  craft  devoted  mostly  to  habitable  spaces. 
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IV.  MARINE  ENGINEERING 
F.  ELECTRICAL  AND  ELECTRONICS 

The  principal  sources  of  information  in  this  field  are  the  general  texts, 
engineering  handbooks  and  codes  cited  in  Sections  I,  II,  III. A.,  and 
IV. A.  above,  plus  the  references  they  cite.  The  principles,  of  course, 
pertain  to  every  situation,  but  in  most  cases  the  above  references  are 
directed  toward  applications  in  larger,  heavier  and  more  complicated 
systems.  For  the  designers  of  the  smaller  craft  the  most  applicable  of 
these  references  are  the  ABYC  Safety  Standards,  and  applicable  sections 
of  the  National  Electrical  Code,  and  the  Fire  Protection  Standards  for 
Motor  Craft,  NFPA  302,  authorized  by  the  National  Fire  Protection  Asso- 
ciation. 

One  of  the  best  general  works  covering  basic  principles,  operation  and 
installation  of  electrical  systems  aboard  small  craft  is 

Miller,  "Your  Boat's  Electrical  System" 

Although  intended  for  the  layman,  it  is  also  an  excellent  primer  for 
the  designer  who  is  not  familiar  with  electric  systems.  Another  excel- 
lent work  of  a more  technical  nature  which  offers  great  assistance  in 
the  basic  design  of  a system  (e.g.,  AC  vs.  DC,  electric  load  analysis, 
choice  of  emergency  power  source)  is 

Woodward,  "Electric  Power  for  Small  Commercial  Vessels" 

Another  paper  of  interest  is 

Powel 1 , "Electrical  Installation  in  Fishing  Vessels" 

The  installation  of  electronics  equipment  aboard  small  craft  has  re- 
ceived little  attention  in  the  technical  literature,  and  is  a matter  of 
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choosing  and  installing  equipment.  The  owner  or  operator  frequently 
knows  what  equipment  he  wants  to  install.  Manufacturers'  literature  and 
technical  assistance  must  be  relied  upon.  In  addition,  the  actual  installa- 
tion work  must  be  done  by  a licensed  technician.  Articles  in  the  magazines 
of  the  pleasure  boating,  work  boat  and  fishing  fields  are  frequently  help- 
ful. An  excellent  introduction  to  the  subject  may  be  found  in 

Miller,  "Your  Boat's  Electrical  System",  cited  above. 

An  important  consideration  in  the  layout  of  electrical  and  electronic  equip- 
ment aboard  a boat  is  electromagnetic  interference.  This  influences  not  only 
the  construction,  bonding  and  shielding  of  equipment  and  cables  but  also  the 
relative  placement  of  equipment,  particularly  antennas.  Unfortunately,  most 
of  the  references  on  this  subject  are  from  military  sources  and  limited  in 
their  distribution.  The  designer  of  small  craft  should  simply  be  aware  of 
these  problems  and  enlist  the  help  of  the  electronics  people  he  deals  with 
in  preventing  unwanted  mutual  interference. 
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V.  HABITABILITY  AND  SAFETY 


The  general  subject  of  space  allocation,  clearances  and  other 
dimensional  requirements  for  the  comfort,  convenience  or  efficiency 
of  personnel  aboard  the  craft  are  covered  in  general  works  on  naval 
architecture  and  small  craft  design  some  of  which  are  referenced  in 
Sections  II  and  1 1 1. A.  In  addition,  there  are  requirements  for  Navy 
craft  and  craft  to  be  certificated  by  the  Coast  Guard  which  are  out- 
lined in  publications  referenced  in  Section  I. 

Safety  standards  encompass  most  of  the  systems  and  these,  too,  are 
covered  by  the  references  of  Section  I.  An  interesting  paper  on  the 
subject  is: 

Momany,  "Design  Guidelines  for  Pressure  Relief  Flame  Deflectors 
for  I-O  Boats" 

Current  interest  in  habitability  centers  primarily  in  the  reduction  of 
hull  impact  accelrations  (for  high  speed  craft),  vibration,  and  noise. 
Impact  has  been  covered  in  Section  III.C.5.  Its  effect  on  personnel  is 
treated  in 

Wolk,  Tauber,  "Man's  Performance  Degradation  During  Simulated 
Small  Boat  Slamming" 

Human  tolerance  of  vibration  is  covered  in 

Bender  and  Collins.  "Effects  of  Vibration  on  Human  Performance, 
a Literature  Review" 

Reed,  "Acceptable  Levels  of  Vibration  on  Ships", 
which  presents  the  ISO  standards,  and 

Von  Gierke, "Shock  and  Vibration  Bulletin  45,  Part  2", 
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which  presents  limits  based  on  a 1/3  octave  band  RMS  analysis  of  the  vibrations. 


Noise  control  is  covered  in  the  following  publications: 

Douglas,  Kenchington,  "Mechanical  Impedance  Techniques  in  Small 
Boat  Design" 

Lewis.  Snuqqs,  "Airborne  Noise  Control  as  Applied  to  High  Performance 
Craft" 

Dyer,  Lundqaard,  "Noise  Control  on  Diesel  Tugs" 

Schiff , "Case  Histories  of  the  Silencing  of  Marine  Gas  Turbines" 

NAVSHIPS,  "General  Criteria  for  Ensuring  Quiet  Gas  Turbine  Shipboard 
Installation" 

MIL-STD-740,  "Airborne  and  Structureborne  Noise  Measurements  and 
Acceptance  Criteria  of  Shipboard  Equipment" 

A recent  work  on  human  tolerance  of  boat  motions  is 

Payne,  "A  Note  on  Roll  StaL  . I ization  and  Crew  Efficiency" 

Safety  of  personnel  at  sea  is  discussed  in 

Sweqer,  "What  Have  You  Done  for  the  Fleet  Sailors  Life  Today? 

A broad  spectrum  of  documents  pertaining  to  recreational  boating  safety  are 
available  from  the  U.  S.  Coast  Guard.  Most  of  them  are  available  through  NTIS. 
The  list  of  available  R & D RBS  Reports  should  be  requested  from 

U.  S.  Coast  Guard 
G-DSA-2  RBS 

Washington,  D.  C.  20590 
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CONCLUSION 


While  this  Design  Guide  truly  represents  the  state  of  the  art  in  small 
craft  design  as  of  January  1977,  it  is  entirely  possible,  even  probable, 
that  several  significant  recent  papers  have  been  omitted.  Because  of 
this  possibility,  it  is  suggested  that  the  reader  doing  an  exhaustive 
study  of  a particular  area  check  recent  listings  of  the  publications  of 
all  likely  sources,  many  of  which  are  listed  in  the  introduction.  The 
references  and  sources  will  lead  from  one  to  another,  and  finally  to  the 
researchers  and  practitioners  in  the  field,  so  that  any  desired  depth,  or 
breadth,  of  knowledge  may  be  obtained. 
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ABS,  "RULES  FOR  BUILDING  AND  CLASSING  STEEL  VESSELS",  American  Bureau  of 
^ Shipping,  45  Broad  Street,  New  York,  N.  Y.  10004. 


ABS,  "RULES  FOR  BUILDING  AND  CLASSING  STEEL  VESSELS  FOR  SERVICE  ON  RIVERS 
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The  purpose  of  the  present  paper  is  to  provide  planing  boat  designers 
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planing  hull  type.  The  faster  derivatives  of  the  latter  such  as  the  racing 
boat  are  considered  to  be  outside  the  scope  of  the  present  paper. 
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water  speed  as  well  as  some  idea  of  the  handling  characterisitcs  of  the  pro- 
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a 4000-ton  surface  effect  ship  illustrates  that  the  numerous  tradeoffs 
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initial  trim,  and  appendages.  An  example  of  the  procedure  to  be  followed  in 
making  a horsepower  estimate  using  these  data  is  included. 
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builders.  This  presentation  describes  the  methodology  for  making  speed- 
power  prediction  for  hard  chine  craft  of  the  types  found  in  the  offshore, 
military,  and  recreational  applications.  The  distinct  advantage  of  this 
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Blount,  D.  L.  and  Hankley,  D.  W.,  "FULL  SCALE  TRIALS  AND  ANALYSIS  OF  HIGH 
PERFORMANCE  CRAFT  DATA",  SNAME,  November  1976. 
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of  proper  analysis  of  full-scale  craft  test  results  and  their  correlation 
with  prediction  techniques.  Based  on  the  continuing  need  for  full-scale 
correlation  data,  this  paper  offers  data,  the  methods  and  conditions  when 
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The  experimental  data  show  that  at  high  speeds  and  for  the  con- 
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the  resulting  noise  level  differences  are  discussed.  Alternative  acoustic 
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The  increasing  demand  for  high  performance  marine  vehicles  has  resulted 
in  the  need  for  new  design  concepts.  High  operational  speeds  and  unconventional 
hull  geometries  make  the  design  process  differ  from  those  used  for  conventional 
displacement  mono-hull  ships.  One  of  the  most  critical  areas  encountered  by  the 
designer  is  the  prediction  of  the  magnitude  and  distribution  of  the  impact 
pressure  caused  by  slamming  in  clam  water  or  in  rough  seas.  This  report  reviews 
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presented  for  advanced  marine  vehicles  such  as  hydrofoil  craft,  air  cushion 
vehicles,  surface  effect  ships,  and  low  waterplane  catamarans.  Not  covered 
is  stability  during  flying  or  on-cushion  modes. 

The  criteria  attempt  to  recognize  special  operations  and  hazards 
associated  with  the  unusual  characteristics  of  these  types.  Examples  are: 
the  danger  of  large  rip  damage  when  flying  at  high  speeds,  the  potential  of 
large  unsytmetrical  flooding,  and  the  lightweight  structure  resulting  in 
less  resistance  to  damage.  The  criteria  presented  herein  are  likely  to  change 
as  more  design  and  operational  experience  is  acquired. 


IGraul,  T.,  "FRESH  WATER  COOLING  FOR  MARINE  ENGINES",  Society  of  Small  Craft 
Designers,  Great  Lakes  Chapter,  October  1964. 


Graul,  T.,  and  Fry,  E.  D.,  "DESIGN  AND  CONSTRUCTION  OF  METAL  PLANING  BOATS", 
Proceedings  of  the  Spring  Meeting  of  SNAME,  Montreal, Canada , 1967. 


Gray,  H.  P.,  Allen,  R.  G. , and  Jones,  R.  R. , "PREDICTION  OF  THREE-DIMENSIONAL 
PRESSURE  DISTRIBUTIONS  ON  V-SHAPED  PRISMATIC  WEDGES  DURING  IMPACT  OR  PLANING", 
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A computer  program  has  been  developed  which  calculates  the  water- 
pressure  distribution  on  V-bottom  prismatic  wedges  during  impact  and  planing. 
The  method  of  computation  is  based  on  proviously  published  semi-empirical 
procedures  with  several  modifications  that  facilitate  programming  and  result 
in  close  correlation  to  recently  published  experimental  data. 

The  prismatic  wedge  may  have  any  positive  value  of  trim,  deadrise 
angle,  and  wetted  length.  The  pressure  distribution  for  the  entire  hull  or 
any  given  section  of  the  hull  may  be  calculated  in  specified  increments  by 
using  the  appropriate  input  data.  Results  obtained  from  the  program  are  in 
reasonable  agreement  with  certain  published  experimental  planing  data. 
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Force  and  moment  coefficients  for  six  high-speed  craft  rudders  are 
presented.  These  experimental  results  indicate  that  the  rudder  section  shape 
has  little  effect  on  the  maximum  lift  coefficient,  although  the  drag  and 
rudder  stock  torque  are  influenced  by  the  section  shape.  Lift,  drag,  and 
rudder  stock  torque  are  all  significantly  affected  by  variations  in  the 
cavitation  number. 

Details  of  the  six  rudder  designs  are  presented  and  the  relative  merit 
of  the  designs  is  discussed.  Recommendations  for  further  investigation  of 
high-performance  craft  rudders  are  included. 
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Much  of  the  research  effort  on  planing  craft  has  been  devoted  to 
obtaining  and  predicting  lift  and  drag  of  planing  surfaces.  Virtually 
no  effort  has  been  devoted  to  the  hydrodynamics  of  the  planing  boat  when 
propelled  by  marine  propellers.  This  paper  brings  together  the  results 
of  research  on  the  marine  propeller  with  those  of  the  planing  surface  to 
develop  a practical  method  for  predicting  the  power  performance  of  the 
planing  craft  when  propelled  by  conventional  marine  propeller(s)  driven 
by  an  inclined  shaft.  Developed  in  the  paper  are  the  various  equations 
for  determining  the  magnitude,  location,  and  direction  of  the  various 
hydrodynamic  forces  on  the  system.  They  are  combined  in  the  equations 
of  equilibrium  to  establish  the  operating  conditions  and  the  power  re- 
quirements of  the  boat.  Predictions  are  then  made  for  two  different 
planing  boat  designs  for  correlation  with  model  test  results.  Finally, 
the  method  is  used  to  make  a parametric  study  of  the  effect  of  angle  of 
inclination  upon  planing  boat  performance.  This  study  clearly  shows 
that  the  drag  of  the  appendages  is  secondary  to  the  forces  of  the  pro- 
pellers and  that  in  optimizing  a planing  boat  design  the  whole  hydro- 
dynamic  system  must  be  considered. 
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I Results  are  presented  of  the  first  systematic  study  of  the  pro- 

pulsion of  planing  craft,  using  propellers  driven  by  inclined  shafts 
with  a rudder  located  behind  each  propeller.  The  study  is  focused  on 
the  resistance  characteristics  of  three  of  the  five  models  of  DTMB 
Series  62.  The  propellers  are  derived  from  the  extensive  three-bladed 
r Gawn-Burrill  series,  tested  over  a wide  range  of  cavitation  numbers. 

I The  performance  predictions  are  based  upon  the  method  recently  developed 

by  Hadler.  Single-,  twin-,  and  quadruple-screw  configurations  have  been 
studied  for  the  Series  62  prototype  hulls  over  a wide  range  of  sizes  and 
f speeds.  The  results  have  been  synthesized  into  design  charts  that  pro- 

' vide  (i)  the  optimum  diameter-rpm  for  a given  design  displacement  and 

speed,  (ii)  the  value  of  the  maximum  propulsive  coefficient,  and  (iii)  the 
ri  effect  on  propulsive  efficiency  of  deviations  from  the  optimum  diameter. 

I . The  charts  may  be  easily  used  by  the  planing  craft  designer  in  making  pre- 

liminary design  and  trade-off  studies  on  propulsion  systems  of  planing 
- craft.  Appendix  1 contains  numerical  examples  of  typical  design  studies, 

illustrating  the  use  of  the  design  charts. 
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propellers  of  two  different  diameters.  Comparisons  are  made  with  data 
previously  obtained  for  the  same  model  without  tunnels,  and  the  tunnel 
configurations  are  evaluated  by  means  of  an  efficiency  factor.  The 
deep  tunnelled  hull  in  combination  with  propellers  of  large  diameter 
and  the  smallest  permissible  tip  clearance  compares  performancewise  to 
the  hull  with  no  tunnels.  A format  and  sufficient  dimensionless  co- 
efficients are  provided  for  horsepower  estimates  for  alternate  hull 
designs.  Because  the  navigational  draft  requirements  for  the  tunnel 
hull  are  much  less  than  those  without  tunnels,  the  tunnel  hull  is  con- 
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The  effect  of  forward  propeller  diameter  on  efficiency  is  shown  to  be 
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essentially  the  same  as  for  single  propellers.  The  results  further  indi- 
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^ This  paper  presents  a picture  of  the  U.  S.  Navy's  personnel 

life-saving  equipment  program,  how  it  is  tailored  to  the  requirements 
of  emergencies  inherent  with  fleet  operations  and  how  it  helps  to  in- 
crease survival  and  recovery  of  seamen. 
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for  the  future. 
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comings in  the  lifesaving  area  and  proposes  a total  systems  approach 
to  replace  the  present  piecemeal  approach  of  today. 
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